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Abstract
Aim
To explore antidiabetic medicine prescribing to women before, during and after pregnancy
in different regions of Europe.
Methods
A common protocol was implemented across seven databases in Denmark, Norway, The
Netherlands, Italy (Emilia Romagna/Tuscany), Wales and the rest of the UK. Women with a
pregnancy starting and ending between 2004 and 2010, (Denmark, 2004–2009; Norway,
2005–2010; Emilia Romagna, 2008–2010), which ended in a live or stillbirth, were identi-
fied. Prescriptions for antidiabetic medicines issued (UK) or dispensed (non-UK) during
pregnancy and/or the year before or year after pregnancy were identified. Prescribing pat-
terns were compared across databases and over calendar time.
Results
1,082,673 live/stillbirths were identified. Pregestational insulin prescribing during the year
before pregnancy ranged from 0.27% (CI95 0.25–0.30) in Tuscany to 0.45% (CI95 0.43–
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0.47) in Norway, and increased between 2004 and 2009 in all countries. During pregnancy,
insulin prescribing peaked during the third trimester and increased over time; third trimester
prescribing was highest in Tuscany (2.2%) and lowest in Denmark (0.5%). Of those pre-
scribed an insulin during pregnancy, between 50.5% in Denmark and 88.8% in the Nether-
lands received an insulin analogue alone or in combination with human insulin, this
proportion increasing over time. Oral products were mainly metformin and prescribing was
highest in the 3 months before pregnancy. Metformin use during pregnancy increased in
some countries.
Conclusion
Pregestational diabetes is increasing in many areas of Europe. There is considerable varia-
tion between and within countries in the choice of medication for treating pregestational dia-
betes in pregnancy, including choice of insulin analogues and oral antidiabetics, and very
large variation in the treatment of gestational diabetes despite international guidelines.
Introduction
The prevalence of pregestational diabetes has been increasing in women of child-bearing age in
recent years,[1] partly as a result of changes in diet and lifestyle which is associated with type 2
diabetes. Diabetes, and particularly poorly controlled diabetes, is associated with an increased
risk of pregnancy complications and adverse pregnancy outcomes for both the mother and the
fetus/child.[2–9] The St Vincent Declaration of 1989 advocated that within five years women
with diabetes should have approximately the same proportion of adverse pregnancy outcomes
as women without diabetes.[10] This has yet to be achieved.[11] National guidelines recom-
mend that women with diabetes who are planning to become pregnant attend pre-conception
counselling and aim for good glycaemic control, in order to reduce the risk of complications
and adverse pregnancy outcomes.[12]
In addition to women with pre-existing type 1 and type 2 diabetes, between 2% and 10% of
pregnancies in Europe are affected by gestational diabetes.[13] Screening for gestational diabe-
tes is therefore recommended in national guidelines for women considered to be at an
increased risk.[12, 14] The threshold for diagnosis of gestational diabetes has been lowered in
some countries[15] leading to increasing numbers of diagnosed cases, but the increase is also
due to changes in lifestyle and screening.[13, 16]
For some patients with type 2 or gestational diabetes glycaemic control can be improved
through changes in diet and exercise. For others, however, treatment with either insulin or oral
antidiabetic medicines is required. The traditional treatment for type 1 diabetes and some type
2 and gestational diabetes has been with human insulin. Since the mid-1990s, however, insulin
analogues have become available and these are synthetic insulins with better pharmacokinetic
profiles than human analogues. The rapid-acting insulin analogues have the advantage of a
more rapid onset of action than human insulin and the long-acting analogues are released
more slowly, without a peak in activity, providing more stable blood levels for a longer dura-
tion.[9] There has been debate about the safety of oral antidiabetics such as metformin in preg-
nancy, but recent UK guidelines[17] and a meta-analysis[18] suggest that there is now
evidence relating to the efficacy and safety of metformin use for the treatment of gestational
diabetes. This study aimed to describe and compare the prescribing of different antidiabetic
medicines before, during and after pregnancy in seven regions of Europe.
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Methods
Seven population-based electronic healthcare databases, that captured pregnancies and prescrip-
tion data, were accessed: two in Italy (Tuscany[19] and Emilia Romagna[20]), two in the United
Kingdom (the Secure Anonymised Information Linkage [SAIL] Databank inWales[21, 22] and
the UK-wide Clinical Practice Research Datalink [CPRD][23] with data fromWales excluded)
and one in Denmark,[24–26] Norway[27, 28] and the Netherlands.[29] A more detailed descrip-
tion of the databases can be found elsewhere [30] and an overview of the data available within
each of the different databases and how they are collected is provided in S1 Table.
A common protocol and data specification were used to ensure that the data extracted from
each database were as comparable as possible. All live and stillbirths born at20 weeks gesta-
tional age, where the pregnancy started and ended between 1 January 2004 and 31 December
2010, were identified in the seven databases (in Denmark, Norway and Emilia Romagna, owing
to data availability, the inclusion dates were 1-Jan-2004 to 31-Dec-2009, 1-Jan-2005 to 31-Dec-
2010 and 1-Jul-2008 to 31-Dec-2010 respectively). Pregnancies were excluded if the mother had
not been followed in the database which captured prescription data for the entire pregnancy and
for the year before and after pregnancy. For each eligible pregnancy, the start date of the preg-
nancy was extracted or estimated based on additional data such as gestational age at delivery (S1
Table). For each pregnancy, the start and end of each pregnancy trimester was determined; tri-
mester one was from the start of pregnancy through to 90 days gestational age, trimester two was
from 91 until 188 days and trimester three was from 189 days gestational age until delivery.
All prescriptions for an antidiabetic medicine recorded in the databases during the time
period of interest were identified. In the UK/Wales this included all prescriptions issued in pri-
mary care whilst in other regions it included all prescriptions dispensed by a pharmacist. None
of the databases captured medicines given directly to the patient during a hospital stay. In the
Netherlands, Denmark and Norway the dispensing of all other antidiabetic medicines was cap-
tured. In the UK databases, prescriptions issued by a specialist in a hospital outpatient depart-
ment and private prescriptions were rarely recorded; these numbers were likely to be small as
most subsequent repeat prescribing will have been undertaken in primary care and private
practice is limited. In Italy, only prescriptions reimbursed by the Italian healthcare system were
captured; this excluded private prescriptions. In Emilia Romagna, prescriptions directly dis-
pensed at a hospital pharmacy were not captured until 2008 and this accounted for over 75% of
insulin prescriptions (A Puccini—personal correspondence). In Tuscany, however, prescrip-
tions dispensed at hospital pharmacies were captured throughout the study period.
Insulins investigated were human, analogue and pre-mixed combinations categorised as
having an Anatomical Therapeutic Chemical (ATC) classification code starting with A10A.
Oral antidiabetic products were those with an ATC code starting with A10B and included, but
were not limited to, biguanides, sulfonylureas, sulfonamides, combinations of oral blood glu-
cose lowering drugs and thiazolidinediones.
Data on the indication for prescribing was not evaluated as part of this study as this infor-
mation was not commonly recorded in many of the databases. For insulins, the indication will
always have been diabetes but metformin is also prescribed in fertility clinics to help women
conceive and for treatment of polycystic ovary syndrome.
Analyses
The percentage of women receiving a prescription for insulin or an oral antidiabetic medicine, in
each of the databases, was calculated for the year before pregnancy, during pregnancy and the
year following pregnancy. The prevalence of prescribing was also described for each pregnancy
trimester and for 3-month time periods during the years before and after pregnancy. Women
Antidiabetic Medicine Prescribing before, during and after Pregnancy
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who had two pregnancies in close succession, where part of the 1-year time period following a
pregnancy overlapped to some extent with part of the 1-year time period before the start of a sub-
sequent pregnancy, were eligible for inclusion in both the pre-pregnancy and post-pregnancy
analyses. The prevalence of prescribing of specific products and also the proportion of women
prescribed human insulin, insulin analogues or a combination of the two was evaluated for each
database. Prescribing of oral antidiabetic medicines was also evaluated, along with changes in pre-
scribing patterns during the study period. To evaluate the impact of differences in maternal age
between regions, the prevalence of prescribing of insulins during each of the 3-month time peri-
ods was calculated, for each region, age-standardised to the Eurostat birth figures for 2007.[31]
In each database, the percentage of deliveries where the woman had no prescription for an
antidiabetic medicine during the year before pregnancy or the first trimester but received her
first prescription during the second or third trimester of pregnancy, was calculated to provide
an estimate of those affected by gestational diabetes who received pharmacological treatment.
Results
Prevalence of antidiabetic medicine prescribing
A total of 1,082,673 deliveries were identified within the seven databases and for 21,669 (2.0%)
the mother received a prescription for an antidiabetic medicine in the year before, during or
the year following pregnancy. The mean maternal age at the start of pregnancy for the entire
cohort ranged from 27.6 years in Wales to 32.2 years in Emilia Romagna (Table 1).
Table 1. Percentage of deliveries where the woman received a prescription for insulin or an antidiabetic medicine in the year before pregnancy,
during pregnancy or the year following pregnancy.
Country/region Entire study cohort The woman received 1 prescription for
insulin
The woman received 1 prescription for
anoral antidiabetic medicine
Number of
deliveries
Mean
maternal
agea
Year before
pregnancy
During
pregnancy
Year after
pregnancy
Year before
pregnancy
During
pregnancy
Year after
pregnancy
N Years [SDb] (%) (95%
CI)
(%) (95%
CI)
(%) (95%
CI)
(%) (95%
CI)
(%) (95%
CI)
(%) (95%
CI)
Denmarkc 320,846 29.4 [4.8] 0.37 (0.35–
0.40)
0.60 (0.57–
0.62)
0.41 (0.39–
0.43)
1.22 (1.18–
1.25)
0.71 (0.68–
0.74)
0.43 (0.41–
0.46)
Norwayd 301,833 30.0 [4.9] 0.45 (0.43–
0.47)
0.88 (0.85–
0.91)
0.53 (0.50–
0.55)
0.75 (0.71–
0.87)
0.39 (0.36–
0.41)
0.30 (0.28–
0.32)
Italy-Emilia
Romagnae
46,445 29.7 [5.1] 0.31 (0.25–
0.36)
1.03 (0.93–
1.12)
0.39 (0.33–
0.45)
0.51 (0.45–
0.58)
0.30 (0.25–
0.35)
0.39 (0.33–
0.45)
Tuscany 157,916 32.3 [5.0] 0.27 (0.25–
0.30)
2.22 (2.15–
2.29)
0.31 (0.29–
0.34)
0.63 (0.59–
0.66)
0.40 (0.37–
0.43)
0.36 (0.33–
0.39)
The
Netherlands
14,607 31.8 [4.9] 0.38 (0.28–
0.48)
1.10 (0.93–
1.27)
0.41 (0.31–
0.51)
0.29 (0.21–
0.38)
0.14 (0.08–
0.20)
0.14 (0.08–
0.20)
United
Kingdomf
182,920 30.1 [6.0] 0.44 (0.41–
0.47)
1.01 (0.96–
1.05)
0.45 (0.42–
0.48)
0.75 (0.72–
0.79)
0.61 (0.57–
0.64)
0.36 (0.33–
0.39)
Wales 58,106 27.6 [6.1] 0.37 (0.32–
0.42)
0.71 (0.64–
0.78)
0.43 (0.37–
0.48)
0.97 (0.89–
1.05)
0.69 (0.62–
0.76)
0.44 (0.39–
0.49)
Total 1,082,673
a at the start of pregnancy
b standard deviation
c 1 Jan 2004–31 Dec 2009
d 1 Jan 2005–31 Dec 2010
e 1 Jan 2008–31 Dec 2010
f excluding Wales
doi:10.1371/journal.pone.0155737.t001
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The prevalence of pregestational insulin prescribing during the year before pregnancy var-
ied and was lowest in Tuscany (0.27% CI95 0.25–0.30) and highest in Norway (0.45% CI95
0.43–0.47) (Table 1). During pregnancy, insulin prescribing increased in all regions (Table 1),
ranging from a 62% increase in Denmark to a 722% increase in Tuscany, which was higher
than all other regions and took the prevalence of insulin prescribing to 2.2% of all deliveries
during the third trimester (Fig 1A). In most regions, during the year following pregnancy, the
prescribing of insulin declined to levels similar to those pre-pregnancy. Age-standardisation of
the figures for insulin had little impact on the prevalence of prescribing for the majority of
Fig 1. Prevalence of a) insulin and b) oral antidiabetic medicine prescribing in women with a delivery, between 2004 and 2010,
during each of the 3-month time periods.
doi:10.1371/journal.pone.0155737.g001
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regions but did reduce the prevalence during the third trimester in Tuscany from 2.2% to 1.7%
(S1 Fig).
Prescribing of oral antidiabetic medicines in all regions was most common during the year
before pregnancy (Table 1). Regional variation, however, was observed in the prevalence of
prescribing during this time and prescribing was highest in Denmark (1.22% CI95 1.18–1.25)
and lowest in the Netherlands (0.29% CI95 0.21–0.38). The level of oral antidiabetic medicine
prescribing declined during pregnancy and was lowest during the second and third trimesters
(Fig 1B). Post pregnancy, prescribing increased slightly but remained considerably lower than
the pre-pregnancy levels.
During the study period, increases were observed in some regions in the percentage of deliv-
eries where the woman received a prescription for an antidiabetic medicine during the first tri-
mester of pregnancy (Fig 2). Similar trends were also observed during the year before the start
of pregnancy (S2 Table). In general, the larger increases were seen in the prescribing of oral
antidiabetic medicines, particularly metformin, although some increases were observed in the
prescribing of insulins.
Insulin prescribing. During the study period, the prescribing of insulin analogues
increased and a decline was observed in the prescribing of human insulins. Analogue insulins
were the insulins most commonly prescribed during all 3-month time periods from 2005, with
the exception of Denmark where until 2008 human insulins were the most popular (Fig 3). Of
those prescribed an insulin during pregnancy, between 50.5% (Denmark) and 88.8% (Nether-
lands) received an insulin analogue alone or in combination with human insulin. In all regions,
rapid-acting insulin aspart was the most commonly prescribed analogue insulin (Fig 4). In all
regions, analogue insulins made up the majority of prescriptions for a long-acting insulin, with
only a small number of long-acting human insulins prescribed/dispensed. Insulin detemir was
the most frequently dispensed long-acting analogue used in Denmark, whilst in other regions
it was insulin glargine. The percentage of women receiving a prescription during pregnancy for
both analogue and human insulin ranged from ~10% in Wales to 40% in Norway (data not
shown). In some regions, a small increase in the percentage of women receiving both analogue
and human insulins was observed during pregnancy, and particularly the first trimester.
Oral antidiabetic medicine prescribing. During the study period approximately 98% of
all oral antidiabetic prescriptions in Denmark, Norway, Wales and the rest of the UK were for
metformin and there was little variation in this percentage during the time periods before, dur-
ing and after pregnancy. In the Netherlands, the overall percentage was closer to 95%, although
100% of oral antidiabetic prescriptions dispensed during the second and third trimesters were
for metformin. In the Italian regions, prescribing practices differed, with metformin making up
around 90% of all oral products during the year before pregnancy, this then declined during
pregnancy to approximately 75% during the third trimester and the reduction in metformin
dispensing resulted in gliclazide and glimepinide subsequently making up a greater percentage
of oral antidiabetic prescriptions. The Italian regions were the only ones to prescribe metfor-
min in a pre-mixed combination with sulfonamides (ATC A10BD02) and these prescriptions
made up 5% to 8% of metformin prescriptions during the year before pregnancy, increasing to
~15% during the third trimester.
Pharmacologically treated gestational diabetes
The percentage of deliveries where the mother received her first prescription for an antidiabetic
medicine during the second or third trimester of pregnancy, indicative of pharmacologically
treated gestational diabetes, ranged from 0.17% (CI95 0.16–0.18) in Denmark to 1.92% (CI95
1.85–1.99) in Tuscany (Fig 5).
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Fig 2. Trends in the prescribing of antidiabetic medicines during the first trimester of pregnancy by region
and calendar year.
doi:10.1371/journal.pone.0155737.g002
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Fig 3. Trends in the prescribing of insulins during pregnancy by region and calendar year.
doi:10.1371/journal.pone.0155737.g003
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Fig 4. Breakdown of the type of analogue insulin prescribed during each of the time periods in each
region.
doi:10.1371/journal.pone.0155737.g004
Antidiabetic Medicine Prescribing before, during and after Pregnancy
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During the study period, increases were observed in the percentage of deliveries where the
woman received her first prescription for an antidiabetic medicine during the second/third tri-
mesters of pregnancy (Fig 6). Changes were also observed, in some regions, in the choice of
treatment for gestational diabetes. Between 2004 and 2007, in all regions (excluding Emilia
Romagna where data were not available), over 90% of women who received their first prescrip-
tion for an antidiabetic medicine during the second or third trimester, received insulin. In Nor-
way, Wales and the rest of the UK this declined in 2008 and by 2009 it had reduced to 83%,
64% and 50% respectively, with oral antidiabetic medicines being much more commonly pre-
scribed. In all other regions no increase in the prescribing of oral products was observed up to
2010. In all regions, the prevalence of pharmacologically treated gestational diabetes increased
with higher maternal age at the start of pregnancy (S2 Fig). In Italy, the Netherlands and the
UK, a larger percentage of women with a delivery receiving prescriptions for an antidiabetic
medicine received them for the treatment of gestational diabetes than for the treatment of preg-
estational diabetes (Fig 5), whilst in other regions pregestational diabetes made up a larger per-
centage of those receiving prescriptions for an antidiabetic medicine.
Discussion
This study identified regional variations within Europe in the prevalence of prescribing for
pregestational diabetes. During the seven year study period, increases were observed in some
European regions in the prevalence of prescribing of antidiabetic medicines during the year
before pregnancy and during the first pregnancy trimester. As insulin is only prescribed for the
treatment of diabetes, the majority of regional variation will reflect differences in the prevalence
of mainly type 1 but also type 2 diabetes and differences in the severity of type 2 diabetes. In
addition, it is likely that there will be some heterogeneity between regions in whether women
with type 2 diabetes are treated pharmacologically. The prevalence of insulin prescribing
observed in this study during the year before pregnancy in Norway, was in line with the preva-
lence of pregestational type 1 diabetes reported in a study using data from the Medical Birth
Register of Norway.[3] In Wales, the prevalence of insulin prescribing during the year before
Fig 5. Percentage of deliveries where the woman received her first prescription for an antidiabetic medicine
during the second or third trimester of pregnancy (as an indication of pharmacologically treated gestational
diabetes) by region.
doi:10.1371/journal.pone.0155737.g005
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pregnancy was in line with the prevalence of pregestational type 1 and type 2 diabetes in a
study reporting on England, Wales and Northern Ireland by Macintosh et al.[11] The preva-
lence of prescribing for the rest of the UK in our study, however, was found to be higher than
in the Macintosh study which may in part be explained by our study covering a later time
period (2004–2010 compared with 2002–2003). To our knowledge no studies have reported on
the prevalence of pregestational diabetes in Denmark, the Netherlands or Italy.
Insulin analogues were the most commonly prescribed and their use increased during the
study period in line with a reduction in human insulin prescribing. In all regions, fast-acting
insulins were the insulins most commonly prescribed. Rapid-acting insulin analogues had the
highest prescribing prevalence in all regions, with rapid-acting insulin aspart and lispro being
the most frequently prescribed. Little is still known about the safety of insulin analogues when
used in pregnancy, however both these products have a Food and Drug Administration (FDA)
pregnancy category B. Evidence from a large trial for insulin aspart and retrospective and
observational studies for insulin lispro have suggested that they are equivalent to human insu-
lin in terms of fetal outcomes[9] but further data are needed. In addition, rapid-acting insulin
analogues act faster than human insulins. Insulin glargine was the second most commonly pre-
scribed insulin analogue in the two UK databases and was less frequently prescribed in the
other regions. In the UK, the level of insulin glargine prescribing remained constant during
pregnancy, suggesting that its use was restricted to the treatment of pre-existing diabetes rather
than gestational diabetes. During the study period, however, the 2008 UK NICE guidelines
advised that there was insufficient evidence about the use of analogue insulin glargine during
pregnancy and recommended that its use should be avoided until more data were available on
its safety.[12] In all regions, analogue insulins made up the majority of prescriptions issued/dis-
pensed for a long-acting insulin. This is consistent with the fact that analogue long-acting insu-
lins have been shown to improve HbA1c and decrease the risk of nocturnal and severe
hypoglycaemia compared to human insulins.[32]
Regional variations were observed in the prevalence of pharmacologically treated gestational
diabetes. During the seven year study period, increases were observed in some European
regions in the prevalence of prescribing for gestational diabetes during the second and third tri-
mesters of pregnancy.These regional variations will reflect differences in the prevalence of the
disease with different ethnic populations, different inclusion criteria for screening programmes
(S3 Table), as well as differences in clinicians’ perception of the significance of gestational dia-
betes and its treatment.[13, 33] The higher prevalence of gestational diabetes observed in Tus-
cany, compared with the more northern regions of Europe, was in line with the trend reported
in a review article by Buckley et al. of a higher prevalence of gestational diabetes in southern
Europe compared with northern Europe,[13] but this may also reflect the fact that during the
study period all women were offered screening in Tuscany and not just those considered to be
at high risk. Age-standardisation also demonstrated that maternal age explained some of the
regional differences observed. Despite the higher prevalence of antidiabetic medicine prescrib-
ing during the later stages of pregnancy in Tuscany, the levels post-pregnancy were similar to
those before pregnancy, indicating that few undiagnosed pregestational cases of diabetes were
diagnosed during pregnancy. During the study period, the World Health Organization recom-
mended that the majority of cases of gestational diabetes should be treated by diet alone and
that insulin therapy should be used when medical nutrition therapy failed to maintain adequate
Fig 6. Percentage of pregnancies where the woman received her first prescription for an antidiabetic medicine
during the second or third trimester of pregnancy (as an indication of pharmacologically treated gestational
diabetes) by region and calendar year.
doi:10.1371/journal.pone.0155737.g006
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glucose levels.[34] The fact that our study identified women who were pharmacologically
treated and not women treated by diet alone, will in part explain why the prevalence of gesta-
tional diabetes in our study was, for the majority of regions, lower than those reported in the
Buckley review, which were in the range of between 2% and 6% of all pregnancies[13] com-
pared with 0.2% to 1.9% in our study.
Within-country regional variation in the prevalence of pharmacologically treated gesta-
tional diabetes was also observed in both Italy and the United Kingdom. In Italy, variations
were likely to be the result of different screening policies in the two regions during the study
period (the Tuscany policy at that time was to screen all women whereas in Emilia Romagna
only high risk women were offered screening–S2 Table). The lower prevalence of pharmacolog-
ically treated gestational diabetes observed in Wales, compared with the rest of the UK, could
in part result from differences in the implementation of the screening guidelines and whether
pharmacological treatment was offered, in addition to population demographics, with Wales
having a lower percentage of individuals from those ethnic backgrounds considered to be at a
higher risk of diabetes[35] and a younger mean age at delivery.
Oral antidiabetic medicines were found to largely consist of metformin and were most com-
monly prescribed during the year before pregnancy and the first trimester, with low levels of
prescribing during the second and third trimesters of pregnancy. It is likely that during the
year before pregnancy some of this prescribing will have been for the treatment of conditions
other than diabetes, such as infertility and PCOS. In Norway, Wales and the rest of the UK,
increases were observed in the prescribing of metformin for the treatment of gestational diabe-
tes towards the end of the study period, from 2008 onwards. This coincided with the introduc-
tion of the NICE guidelines in 2008 in the UK and the publication of a randomised trial
looking at perinatal outcomes comparing metformin and insulin, which concluded that met-
formin, with or without insulin, is a safe and effective treatment for women with gestational
diabetes who meet the standard criteria for starting insulin therapy.[36] The results of this trial
were also referenced in one of the Norwegian guidelines and may explain why Norway also
saw an increase in oral antidiabetic prescribing for the treatment of gestational diabetes from
2008.
Future work is needed to explain the wide range of metformin prescribing patterns observed
during the year before the start of pregnancy and to investigate the indications for which met-
formin is being prescribed. A study by Lawrence et al., evaluating data from Health Mainte-
nance Organizations in the United States, found only 13% of women receiving a prescription
for metformin in the 120 days before pregnancy had a diagnosis of diabetes and 67% had a
diagnosis of polycystic ovaries or female infertility.[37] It is not known whether the same
would be true for the European data, but this may explain the high prescribing rates observed
in our study prior to pregnancy and continuing into the first trimester. The prescriptions we
identified during the first trimester may in some cases have been issued/dispensed before the
pregnancy was recognised. The high level of discontinuation of metformin during pregnancy
in our study is in line with the US study, where two-thirds of women did not go on to use any
antidiabetic medicines during pregnancy.
This study used a common protocol and captured over 21,500 deliveries between 2004 and
2010 where the woman received a prescription for an antidiabetic medicine during pregnancy
or during the one year either side of pregnancy. Prescription information was recorded inde-
pendently by the prescriber or dispensing pharmacist, preventing maternal recall bias. No data,
however, were available on whether the woman actually took the medicine, the precise timing
at which she took it and whether she took it as instructed. In the databases covering Wales and
the rest of the UK, all prescriptions issued in primary care were captured, whereas in other
regions it was only prescriptions actually dispensed. It is possible that some women who are
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issued prescriptions may not get them dispensed; this is less likely for insulins for type 1 diabe-
tes than for some oral products such as metformin.
This study did not look at prescription duration or take into account the fact that prescrip-
tions issued/dispensed during one 3-month time period could have been continued during the
following 3-month time period and this may have resulted in an underestimation of exposure
during some time periods. The extent of misclassification resulting from this will partly be
dependent on the quantity and duration of time covered by a single prescription is issued in
each of the regions. In around 15% of deliveries, part of the 1-year time period following the
first pregnancy overlapped with part of the 1-year time period prior to the start of a subsequent
pregnancy. This will not have influenced the prescribing during the actual pregnancy but for
the deliveries where this occurred, exposure during part of the year following the first delivery
may have been influenced by the fact the woman had become pregnant again. Using the data
available within the databases, it was not possible to distinguish between women being treated
for type 1 and type 2 diabetes, especially as women with type 2 diabetes are increasingly being
treated with insulin. It was also not possible to identify women who were being treated for dia-
betes by changes to diet alone, so the figures reported here do not represent the full extent to
which pregnant women are affected by diabetes.
A multicentre prospective study in Europe has predicted that the prevalence of type 1 diabe-
tes in children aged under 15 years will increase by 70% between 2005 and 2020.[38] This com-
bined with the emergence of type 2 diabetes in children and younger women of childbearing
age will result in further increases in the prevalence of pregestational diabetes in the future. It
will become increasingly necessary to reinforce public health efforts to prevent diabetes
through exercise and weight control, to make sure that the most effective treatments in terms
of type of antidiabetic medicine are being prescribed, that women are offered and access pre-
conception care to optimise glycaemic control for pregestational diabetes, and that effective
screening for gestational diabetes leads to its optimal treatment for all affected women.
Supporting Information
S1 Fig. Prevalence of insulin prescribing in women with a delivery, between 2004 and 2010,
during each of the 3-month time periods after age-standardisation.
(PDF)
S2 Fig. Trends in the prescribing of insulins during pregnancy by region and calendar year.
(PDF)
S1 File. Underlying numerical values behind the figures, tables and graphs reported in the
manuscript.
(XLSX)
S1 Table. Overview of the databases accessed for the study.
(DOCX)
S2 Table. Changes in the prevalence of prescribing of antidiabetic medicines between 2004
and 2009 in the year before pregnancy and during the first trimester of pregnancy in the
different databases.
(DOCX)
S3 Table. Summary of the guidelines for screening for gestational diabetes in each region.
(DOCX)
Antidiabetic Medicine Prescribing before, during and after Pregnancy
PLOS ONE | DOI:10.1371/journal.pone.0155737 May 18, 2016 14 / 17
Acknowledgments
The authors wish to thank members of the EUROmediCAT Steering Group and most particu-
larly Professor Corinne de Vries for her invaluable contribution to the design of the study. The
authors would also like to acknowledge Dr Graziano Di Cianni and Dr Francesca Strigini for
their comments on the Italian data.
Author Contributions
Conceived and designed the experiments: HD LTWJ RAC SJ A. Perini EG AJN HWMMKK.
Performed the experiments: AVH EG AMNA KK AE RG A. Pierini A. Puccini AJN HJB LTWJ
HWGDDT SJ RAC AM. Analyzed the data: AVH EG AMNA KK AE RG A. Pierini A. Puccini
AJN HJB LTWJ HWGDDT SJ RAC AM. Wrote the paper: AVH EG AMNA KK AE RG A.
Pierini A. Puccini AJN HJB LTWJ GD DT SJ RAC AMHDHWMM.
References
1. Dabelea D, Mayer-Davis EJ, Saydah S, Imperatore G, Linder B, Divers J, et al. Prevalence of type 1
and type 2 diabetes among children and adolescents from 2001 to 2009. JAMA. 2014; 311(17):1778–
1786. doi: 10.1001/jama.2014.3201 PMID: 24794371
2. Ali S, Dornhorst A. Diabetes in pregnancy: health risks and management. Postgraduate Med J. 2011;
87(1028):417–427.
3. Eidem I, Stene LC, Henriksen T, Hanssen KF, Vangen S, Vollset SE, et al. Congenital anomalies in
newborns of women with type 1 diabetes: nationwide population-based study in Norway, 1999–2004.
Acta Obstet Gynecol Scand. 2010; 89(11):1403–1411. doi: 10.3109/00016349.2010.518594 PMID:
20929418
4. Pearson DWM, Kernaghan D, Lee R, Penney GC, Scottish Diabetes in Pregnancy Study G. Short com-
munication: The relationship between pre-pregnancy care and early pregnancy loss, major congenital
anomaly or perinatal death in type I diabetes mellitus. BJOG. 2007; 114(1):104–107. PMID: 17233865
5. KuttehWH, Little BB. Endocrine disorders during pregnancy: embryotoxic versus fetal effects. In Gil-
strap LC, Little BB, editors. Drugs and pregnancy. 2nd ed. London: Arnold; 2010. p 229–56.
6. Kitzmiller JL, Wallerstein R, Correa A, Kwan S. Preconception care for women with diabetes and pre-
vention of major congenital malformations. Birth Defects Res A Clin Mol Teratol. 2010; 88(10):791–
803. doi: 10.1002/bdra.20734 PMID: 20890938
7. Confidential Enquiry into Maternal and Child Health. Diabetes in Pregnancy: Are we providing the best
care? Findings of a National Enquiry: England, Wales and Northern Ireland. CEMACH: London; 2007.
Available from http://www.hqip.org.uk/assets/NCAPOP-Library/CMACE-Reports/25.-February-2007-
Diabetes-in-Pregnancy-are-we-providing-the-best-care-Findings-from-a-national-project-March-2002-
February-2003.pdf, accessed on 22 January 2015.
8. Mathiesen ER, Ringholm L, Damm P. Stillbirth in diabetic pregnancies. Best Pract Res Clin Obstet
Gynaecol. 2011; 25(1):105–111. doi: 10.1016/j.bpobgyn.2010.11.001 PMID: 21256813
9. Lambert K, Holt RIG. The use of insulin analogues in pregnancy. Diabetes Obes Metab. 2013; 15
(10):888–900. doi: 10.1111/dom.12098 PMID: 23489521
10. Colstrup M, Mathiesen ER, DammP, Jensen DM, Ringholm L. Pregnancy in women with type 1 diabe-
tes: Have the goals of St. Vincent declaration been met concerning foetal and neonatal complications?
J Matern Fetal Neonatal Med. 2013; 26(17):1682–1686. doi: 10.3109/14767058.2013.794214 PMID:
23570252
11. Macintosh M, Fleming K, Bailey J, Doyle P, Modder J, SAcolet D, et al. Perinatal mortality and congeni-
tal anomalies in babies of women with type 1 or type 2 diabetes in England, Wales, and Northern Ire-
land: population based study. BMJ. 2006; 333:177. PMID: 16782722
12. National Institute for Health and Clinical Excellence. 2008. Diabetes in pregnancy: management of dia-
betes and its complications from preconception to the postnatal period. Available from https://www.
nice.org.uk/guidance/cg63/resources/guidance-diabetes-in-pregnancy-pdf, accessed on 26 January
2015.
13. Buckley BS, Harreiter J, DammP, Corcoy R, Chico A, Simmons D, et al. Gestational diabetes mellitus
in Europe: prevalence, current screening practice and barriers to screening. A review. Diabet Med.
2012; 29(7):844–854. doi: 10.1111/j.1464-5491.2011.03541.x PMID: 22150506
Antidiabetic Medicine Prescribing before, during and after Pregnancy
PLOS ONE | DOI:10.1371/journal.pone.0155737 May 18, 2016 15 / 17
14. Recommendations for screening and diagnosis of gestational diabetes. July 2011. SNLG-ISS National
system of Guidelines—SID Italian Society of Diabetology—AMD Association of Medical Diabetologists
—CeVeas Centre for the evaluation of health care. Available from http://www.saperidoc.it/flex/cm/
pages/ServeBLOB.php/L/IT/IDPagina/585, accessed on 24 February 2015.
15. Kousta E, Lawrence NJ, Penny A, Millauer BA, Robinson S, Dornhorst A, et al. Implications of new
diagnostic criteria for abnormal glucose homeostasis in women with previous gestational diabetes. Dia-
betes Care. 1999 22(6):933–937. PMID: 10372245
16. Dunne F. Type 2 diabetes and pregnancy. Semin Fetal Neonatal Med. 2005; 10(4):333–339. PMID:
15921969
17. National Institute for Health and Clinical Excellence. 2015. Diabetes in pregnancy: management of dia-
betes and its complications from preconception to the postnatal period. Available from http://www.nice.
org.uk/guidance/ng3/evidence/full-guideline-3784285, accessed on 12 March 2015.
18. Balsells M, García-Patterson A, Solà I, Roqué M, Gich I, Corcoy R. Glibenclamide, metformin, and insu-
lin for the treatment of gestational diabetes: a systematic review and meta-analysis. BMJ. [Journal Arti-
cle]. 2015 2015-01-21 16:06:23; 350:102.
19. Coloma PM, TrifiròG, Schuemie MJ, Gini R, Herings R, Hippisley-Cox J, et al. Electronic healthcare
databases for active drug safety surveillance: is there enough leverage? Pharmacoepidemiol Drug Saf.
2012; 21(6):611–621. doi: 10.1002/pds.3197 PMID: 22315152
20. Gagne JJ, Maio V, Berghella V, Louis DZ, Gonnella JS. Prescription drug use during pregnancy: a pop-
ulation-based study in Regione Emilia-Romagna, Italy. Eur J Clin Pharmacol. 2008; 64(11):1125–1132.
doi: 10.1007/s00228-008-0546-y PMID: 18685836
21. Ford D, Jones K, Verplancke J-P, Lyons R, John G, Brown G, et al. The SAIL Databank: building a
national architecture for e-health research and evaluation. BMC Health Serv Res. 2009; 9(1):157.
22. Lyons R, Jones K, John G, Brooks C, Verplancke J-P, Ford D, et al. The SAIL databank: linking multiple
health and social care datasets. BMCMed Inform Decis Mak. 2009; 9(1):3.
23. Wood L, Martinez C. The General Practice Research Database: Role in pharmacovigilance. Drug Saf.
2004; 27(12):871–881. PMID: 15366975
24. Thygesen LC, Daasnes C, Thaulow I, Brønnum-Hansen H. Introduction to Danish (nationwide) regis-
ters on health and social issues: Structure, access, legislation, and archiving. Scand J Public Health.
2011; 39(7 suppl):12–16. PMID: 21898916
25. Lynge E, Sandegaard JL, Rebolj M. The Danish National Patient Register. Scand J Public Health.
2011; 39(7 suppl):30–33. doi: 10.1177/1403494811401482 PMID: 21775347
26. Wallach Kildemoes H, Toft Sørensen H, Hallas J. The Danish National Prescription Registry. Scand J
Public Health. 2011; 39(7 suppl):38–41. doi: 10.1177/1403494810394717 PMID: 21775349
27. Espnes MG, Bjørge T, Engeland A. Comparison of recorded medication use in the Medical Birth Regis-
try of Norway with prescribed medicines registered in the Norwegian Prescription Database. Pharma-
coepidemiol Drug Saf. 2011; 20(3):243–248. doi: 10.1002/pds.2085 PMID: 21351305
28. Furu K, Wettermark B, Andersen M, Martikainen JE, Almarsdottir AB, Sørensen HT. The Nordic Coun-
tries as a Cohort for Pharmacoepidemiological Research. Basic Clin Pharmacol Toxicol. 2010; 106
(2):86–94. doi: 10.1111/j.1742-7843.2009.00494.x PMID: 19961477
29. Visser ST, Schuiling-Veninga CCM, Bos JHJ, de Jong-van den Berg LTW, PostmaMJ. The population-
based prescription database IADB.nl: its development, usefulness in outcomes research and chal-
lenges. Expert Rev of Pharmacoecon Outcomes Res. 2013; 13(3):285–292.
30. Charlton RA, Neville AJ, Jordan S, Pierini A, Damase-Michel C, Klungsøyr K, et al. Healthcare data-
bases in Europe for studying medicine use and safety during pregnancy. Pharmacoepidemiol Drug
Saf. 2014; 23(6):586–594. doi: 10.1002/pds.3613 PMID: 24664855
31. Eurostat. 2015 Live births by mother's age and newborn's sex. Available from http://ec.europa.eu/
eurostat/data/database, accessed 15 February 2016. [database on the Internet].
32. Monami M, Marchionni N, Mannucci E. Long-acting insulin analogues vs. NPH human insulin in type 1
diabetes. A meta-analysis. Diabetes, Obesity and Metabolism. 2009; 11(4):372–378. doi: 10.1111/j.
1463-1326.2008.00976.x PMID: 19267715
33. Reece EA, Leguizamón G, Wiznitzer A. Gestational diabetes: the need for a common ground. The Lan-
cet. 2009; 373(9677):1789–1797.
34. American Diabetes Association. Gestational Diabetes Mellitus. Diabetes Care. 2003; 26(Supplement
1):S103–105.
35. Office for National Statistics. 2012 Ethnicity and National Identify in England andWales 2011. Available
from http://www.ons.gov.uk/ons/dcp171776_290558.pdf, accessed 15 April 2015.
Antidiabetic Medicine Prescribing before, during and after Pregnancy
PLOS ONE | DOI:10.1371/journal.pone.0155737 May 18, 2016 16 / 17
36. Rowan JA, HagueWM, GaoW, Battin MR, Moore MP. Metformin versus Insulin for the Treatment of
Gestational Diabetes. NEJM. 2008; 358(19):2003–2015. doi: 10.1056/NEJMoa0707193 PMID:
18463376
37. Lawrence JM, Andrade SE, Avalos LA, Beaton SJ, Chiu VY, Davis RL. Prevalence, trends and patterns
of use of antidiabetic medications among pregnant women 2001–2007. Obstet Gynecol. 2013; 121
(1):106–114. doi: http://10.1097/AOG.0b013e318278ce86 PMID: 23262934
38. Patterson CC, Dahlquist GG, Gyürüs E, Green A, Soltész G. Incidence trends for childhood type 1 dia-
betes in Europe during 1989–2003 and predicted new cases 2005–20: a multicentre prospective regis-
tration study. The Lancet. 2009; 373(9680):2027–2033.
Antidiabetic Medicine Prescribing before, during and after Pregnancy
PLOS ONE | DOI:10.1371/journal.pone.0155737 May 18, 2016 17 / 17
